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EDVHG YHUEDO GHVFULSWLRQ RI WKH RQORRNHU LV VWLOO LQ LQIDQF\+RZHYHU WKH SURPLVLQJZRUN LV EHLQJ FDUULHG RXW LQ
LPDJHLGHQWLILFDWLRQZLWKDSXUSRVHRIIDFHLGHQWLILFDWLRQ7KHSUREOHPRIIDFLDOLPDJHLVQRWODFNRIPHWKRGDQG
PHDVXUHVEXW WKHPRGHOOLQJRI RQORRNHUVPLQG VHW%HFDXVH WKHRQORRNHU KDV WR JLYH VWDWHPHQWV DERXWGLIIHUHQW
KXPDQIDFHSDUWVOLNHIRUHKHDGH\HVQRVHOLSVDQGFKLQHWF)RUH[DPSOH³+HKDVYHU\VPDOOQRVHDQGEURDGFKLQ´
+RZHYHULQSHUFHSWLRQEDVHGLPDJLQJGRPDLQ6NHWFKLQJ:LWK:RUGV6::LVDZHOOHVWDEOLVKHGPHWKRGRORJ\
LQ ZKLFK WKH REMHFWV RI FRPSXWDWLRQ DUH IX]]\ JHRPHWULF REMHFWVIREMHFWV7KH SUREOHP RI VNHWFKLQJ RI IDFH LV
DXJPHQWHGE\WKHLQYROYHPHQWRIXQFHUWDLQW\LQWKHSHUFHSWLRQEDVHGQDWXUDOODQJXDJHVWDWHPHQWVZKLFKLVFDXVHRI
FRQFHUQIRUSUREOHPVZKLFKKDVWREHGHSHQGVROHO\RQLWIRULWVTXDOLW\RIUHVXOWV7KHRQORRNHUVNQRZVGLIIHUHQW
IHDWXUHV WKDW FROOHFWLYHO\GHVFULEH WKHFRPSOHWH IDFHEXWGRHVQRWNQRZSUHFLVHO\KRZ WRFRPELQH WKHVH IHDWXUHV





LPDJHV GHVFULSWLRQ 7KH IVLPLODULW\ ZLWK GLIIHUHQW IDFHV LQ GDWDEDVH LV HVWLPDWHG E\ XVLQJ µDVPDQ\ DV SRVVLEOH¶
OLQJXLVWLFTXDQWLILHUDQGWKHQDUDQNLQJRIIDFHLVJHQHUDWHGE\XVLQJUHOHYDQFHPDWUL[
6::LVLQVSLUHGE\WKHFRQFHSWRI)X]]\*HRPHWU\IJHRPHWU\DQG&RPSXWLQJ:LWK:RUG&::WHFKQLTXH
ERWK JLYHQ E\ =DGHK WKH IDWKHU RI IX]]\ ORJLF =DGHK UHYHDOV WKH FRQFHSW RI IX]]\ YDOLGLW\ I YDOLGLW\ DQG I
VLPLODULW\IRUWKHILUVWWLPH7KHIYDOLGLW\LVDPHDVXUHRIWKHGHJUHHRIEHORQJLQJQHVVRIDQ\IREMHFWVZLWKUHVSHFW
WRFRUUHVSRQGLQJFULVSJHRPHWULFREMHFWV ,Q IJHRPHWU\DQ\ WZR IREMHFWVDUHVDLG WREH IVLPLODU LIERWKRI WKHP
KDYHVDPHVKDSH










/HDUQLQJ LQ 4XHVW GHFLVLRQ WUHH IRU SUHGLFWLRQ RI SUHFLSLWDWLRQ DWPRVSKHULF QLPEXV FORXGV 7KH SUHGLFWLRQ RI
3UDVDGHW DOZLWKDQDFFXUDF\RIPD\EHKHOSIXO LQ ILQDQFLDOSODQQLQJRIDSRSXORXVFRXQWULHV OLNH ,QGLD
,EUDKLPHWDODSSOLHGQHXUDOQHWZRUNWHFKQLTXHVIRUYHKLFOHOLFHQVHSODWHUHFRJQLWLRQV\VWHP)XUWKHUWKHDXWKRUV
KDYHDGDSWHGDQDOJRULWKPZLWKSURRILQWRWKHVROXWLRQIRUSDUNLQJPDQDJHPHQWV\VWHPLQWKHVDPHZRUN





FRQFHSWV DUH DSSOLHG IRU WKH UHFRJQLWLRQ RI IDFH RQ WKH EDVLV RI SHUFHSWLRQV 9DULRXV IX]]\ REMHFWV DUH XVHG IRU
GHVFULELQJ GLIIHUHQW SDUWV RI IDFH 7KLV V\VWHP LV VHW RXW WR GUDZ WKH IDFH VNHWFK RI FULPLQDO RQ WKH EDVLV RI
SHUFHSWLRQVEDVHGYHUEDOGHVFULSWLRQRIWKHRQORRNHU

























,Q WKHIROORZLQJH[DPSOHZHKDYHH[SORUH WKHFRQFHSWRISRVVLELOLW\GLVWULEXWLRQ LQD IX]]\VHW:HKDYHDVHWRI
SRVVLEOHYDOXHVWKDWPD\EHWDNHQE\;DUH7KHSRVVLELOLW\GLVWULEXWLRQLV
ߨ௫ ൌ ͳȀͲ ൅ ͳȀͳ ൅ ͲǤͺȀͶ ൅ ͲǤ͹Ȁ͵






ݒ݁ݎݕሺܺሻ ൌ ܥܱܰሺܺሻ ൌ ߤ஼ைேሺ௑ሻሺݑሻ ൌ ߤ௫ሺݑሻଶ
  ;LVYHU\VPDOOÆς௫ ൌ ሺݏ݈݈݉ܽሻଶ
ς௫ሺݑሻ ൌ ߤ௦௠௔௟௟ሺݑሻଶ 
 'LODWLRQ
IDLUO\ሺܺሻ ൌ ܦܫܮሺܺሻ ൌ ߤ஽ூ௅ሺ௑ሻሺݑሻ ൌ ߤ௑ሺݑሻଵȀଶ




ς௫ ൌ ͳ െ ߤ௦௠௔௟௟ሺݑሻ
;LVQRWYHU\VPDOOÆς௫ ൌ ሺሺݏ݈݈݉ܽሻƍሻଶ
 ς௫ሺݑሻ ൌ ͳ െ ߤ௦௠௔௟௟ሺݑሻଶ
7KHµYHU\¶KHGJHVPDNHVWURQJHUWKHSRVLWLYHPHDQLQJRIWUXHZKLOHIDLUO\ZHDNHQVLWVSRVLWLYHPHDQLQJ6RZH
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ZKHUH µE¶ LV D UHDO QXPEHU 7KH YDOXH RI E  LQFKHV EHFDXVH LW LV WKH ODUJHVW QXPEHU DQG KDV EHHQ XVHG IRU
QRUPDOL]LQJUHVWRIWKHFRPSRQHQWRIIDFH$VVKRZQLQ)LJDWKHOHQJWKRIIDFHLVLQFKHVZKLFKLVPD[LPXP
YDOXH:KHUHWKHYDULDEOHV[[[DQG[DUHWDNHQIURP)LJEDQGYDULDEOH[LVWKHODUJHVWYDOXH$OOWKHSDUWV
RI IDFH DUH QRUPDOL]HG E\ [ LH  LQFKHV 7KH YDOXHV RI [ [ DQG [ DUH XVHG IRU VPDOO PHGLXP DQG ODUJH
FRQVWUDLQWV UHVSHFWLYHO\7KH VKDSHRI IRUHKHDGV H\HV QRVH OLSVDQGFKLQVDUHFRQVLGHUHGDV IX]]\VHPLFLUFOH I
VHPLFLUFOHIX]]\ IFLUFOH IX]]\ WULDQJOH IWULDQJOHIX]]\ FLUFOH IFLUFOH DQG IX]]\ VHPLFLUFOH IVHPLFLUFOH
UHVSHFWLYHO\ZKLFKDUHVKRZQLQ)LJDEDQG)LJDE7KHVL]HRIGLIIHUHQWSDUWVRIIDFHLVVKRZQLQµ7DEOH
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[
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(\H   
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7DEOH0HPEHUVKLSYDOXHVRIGLIIHUHQWSDUWVRIIDFHZLWKPHGLXPFRQVWUDLQWVDQGODUJHFRQVWUDLQWVZLWK
YHU\¶OLQJXLVWLFKHGJHV
3DUWVRIIDFH PHGLXP QRWPHGLXP ODUJH QRWODUJH YHU\ODUJH QRWYHU\ODUJH
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
7DEOH0HPEHUVKLSYDOXHVRIGLIIHUHQWSDUWVRIIDFHDIWHUDSSO\LQJSDUDPHWULFUHSUHVHQWDWLRQRIOLQJXLVWLFKHGJHVµIDLUO\¶DQGµYHU\¶RQ
VPDOODQGODUJHFRQVWUDLQWUHVSHFWLYHO\
3DUWVRIIDFH VPDOO IDLUO\VPDOO QRWIDLUO\VPDOO ODUJH YHU\ODUJH QRWYHU\ODUJH
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(\H      
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2UGHUHG :HLJKWHG $YHUDJLQJ 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 ZDV RULJLQDOO\ LQWURGXFHG E\ <DJHU 2:$ RSHUDWRUV DUH DSSOLFDEOH



































ܱܹܣሺݔଵǡ ݔଶǡ ݔଷǡ ǥǥ Ǥ Ǥ ݔ௠ሻ ൌ σݓ௝ݕ௝ሺͶሻ
݂݋ݎ ൌ ͳݐ݋݉
([SHULPHQWDOZRUNVDQGUHVXOWV
)RU H[SHULPHQWDO ZRUN µTXHU\ VWDWHPHQW¶ VXEPLWWHG E\ RQORRNHUV LV WDNHQ DV LQSXW 7KHVH DUH VXSSRVHG WR EH





      +HKDVDODUJHFKLQ´
'HVFULSWLRQRI)DFLDO,PDJH³+HKDVDYHU\ODUJHIRUHKHDG+LVH\HVDUHODUJH+HKDVDODUJHQRVH+HKDVODUJH
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     OLSV+HKDVDODUJHFKLQ
'HVFULSWLRQRI)DFLDO,PDJH³+HKDVDODUJHIRUHKHDG(\HVDUHODUJH+HKDVDODUJHQRVH+HKDVVPDOOOLSV+H
     KDVDVPDOOFKLQ´
'HVFULSWLRQRI)DFLDO,PDJH³+HKDVODUJHIRUHKHDG(\HVDUHVPDOO+HKDVDODUJHQRVH+HKDVVPDOOOLSV+H
     KDVDODUJHFKLQ´
'HVFULSWLRQRI)DFLDO,PDJH³+HKDVYHU\ODUJHIRUHKHDG+LVH\HVDUHVPDOO+HKDVDODUJHQRVH+HKDVODUJH
     OLSV+HKDVDODUJHFKLQ´
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)RU WKH IHDWXUH GHVFULSWLRQ ' ³DV PDQ\ DV SRVVLEOH´ ^'''''` ZH ZRXOG KDYH WKH ZHLJKWV
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7KH FRQFHSWV RI IJHRPHWU\ DQG&::DUH FRPELQHG IRU WKH LGHQWLILFDWLRQRIPLVFUHDQW¶V IDFH 7KH FRQFHSWV RI





RYHU VL]H RI SDUWV RI IDFH µVPDOO¶ µPHGLXP¶ DQG µODUJH¶  3RVVLELOLVWLF FRQVWUDLQWVZLWK OLQJXLVWLF KHGJHV µIDLUO\¶
µYHU\¶DQGQHJDWLRQRSHUDWRUDUHXVHG<DJHU¶VTXDQWLILHU µDVPDQ\DVSRVVLEOH¶ LV XVHG IRUDJJUHJDWLQJ IRUHKHDG




WKH GLVFLSOLQH RI FRPSXWDWLRQDO IRUHQVLFV ,GHQWLILFDWLRQ RI IDFH VNHWFK RI FULPLQDO RQ WKH EDVLV RI RQORRNHU¶V
VWDWHPHQWPD\RSHQGRRUIRULGHQWLILFDWLRQRILPSUHFLVHLPDJH
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